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SPECIFICATION 0105 RecY "^T/PTO 0 3 FEB 2005 
Ultra Miniature Integrated Cardiac Pacemaker^ ndDistrib^ 

^^The Relent invention concerns an ultra miniature integrated cardiac pacemaker and distributed ^diac 

manipulation only without incising the chest wall to avoid imposing extra b ^£** that u can be 

In this invention, "ultra miniature" refers to the minute size of the pacemaker to the extent that it can 

attached to the tip of a catheter. 

is a dev.ee that eon.ro,s rhythm of the hear, by de.ivenng eleetriea! tmpufce «o .he 
heart and is indicated to be used in patients with symptoms of bradyarrhythmia. 

rconvenrnal cardiac pacemaker consists of the main body of the cardiac pacemaker (generator) lead 
wires anTelectZ that transmit stimulating pulse to the muscle. The main body of the ^P™££* 
Tna tke electrodes are connected by lead wires. However, the conventional pacemaker has the following 

Pr ° ble S^nce the main body of the cardiac pacemaker and the electrodes are connected by lead wires, cases of 
breaking of trad wJ s have occurred.Breakage of the lead wire results in defective pacing. In addition, 
tWp have been also cases of venous obstruction by the lead wire. 

Moreover TuringThe early stage after implantation of the cardiae paeemaker, a shtft ,n posmon of *e 
eleenots may canse defeeUve pacing. When a shift in position of .he elec<rodes oeeurs, a seeond opera.ton has 

,0be C ;„«he™ore d £E^'t££XL*c sealtng s,rue«nre a. .he junetton be,ween the eardiac 
paeemaker nTn body Id "me lead wires, this may lead to defective paeemaker movement. Problem wrth 
electrical safety has also occurred. 

In the Unexamined Japanese Patent Publication Heisei No. 5-245215, a cardiac pacemaker is described in 
which ^h ^signTls^r cardiac stimulation is delivered from the cardiac pacemaker main body to the stimulation 
dectrodes bfwireless transmission, thus eliminating the lead wires between the cardiac pacemaker main body 

^ dth Howeve°r de even for this type of cardiac pacemaker, surgical implantation of the pacemaker cannot be 
avoided InltLe have b een ca 2s in which skin necrosis occurred at the cardiac pacemaker implanted site. 

Also J the abc ^ mentioned cardiac pacemaker, although wireless communication is conducted between 
the p^Z^nZy and the electrodes, there is no communication between the electrodes. Synchrony of 
thP mnltinle electrodes being used is controlled by the pacemaker mam body. 

,hem TOf;^TtvenS was developed in order to solve the above r^rXZIT^JZ 

is no need to implant the pacemaker main body to avoid imposing extra burden on the user. 

^^^Z "din Claim 1 concerns an ultra miniatur e integrated c^J^J* « 
no chest incision, and is implanted in the heart by attaching to the tip of a catheter and extracting the catheter 

^ Tcomprises a control unit that outputs control signals, a heart stimulating [^^^^ 
control signal and electrically stimulates the heart tissue, an electrocardl °^ 

tZ detec* the electrocardiographic information and outputs to the said control unit, and a power unit that 
SUPPl %^:Z^ outputs the control signals based on electrocardiographic information. 
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The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The invention described in Claim 2 concerns an ultra miniature integrated cardiac pacemaker that requires 
no chest incision, and is implanted in the heart by attaching to the tip of a catheter and extracting the catheter 
after implanting. 

It comprises a control unit that outputs control signals, a heart stimulating means that responds to the said 
control signal and electrically stimulates the heart tissue, an electrocardiographic information detecting means 
that detects the electrocardiographic information and outputs to the said control unit, a transmittmg means that 
modulates the electrocardiographic information and control signals to be sent outside, and a power unit that 
supplies the driving power. 

The said control unit outputs the control signals based on electrocardiographic information. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The invention described in Claim 3 concerns an ultra miniature integrated cardiac pacemaker that requires 
no chest incision, and is implanted in the heart by attaching to the tip of a catheter and extracting the catheter 
after implanting. 

It comprises a control unit that outputs control signals, a heart stimulating means that responds to the said 
control signal and electrically stimulates the heart tissue, an electrocardiographic information detecting means 
that detects the electrocardiographic information and outputs to the said control unit, a receiving means that 
receives and demodulates the information sent from outside, and a power unit that supplies the driving power. It 
is designed such that the information sent from outside is input into the said control unit. 

The said control unit outputs control signals based on information sent from outside and/or 
electrocardiographic information. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The invention described in Claim 4 concerns an ultra miniature integrated cardiac pacemaker that requires 
no chest incision, and is implanted in the heart by attaching to the tip of a catheter and extracting the catheter 
after implanting. 

It comprises a control unit that outputs control signals, a heart stimulating means that responds to the said 
control signal and electrically stimulates the heart tissue, an electrocardiographic information detecting means 
that detects the electrocardiographic information and outputs to the said control unit, a transmitting means that 
modulates the electrocardiographic information and control signals to be sent outside, a receiving means that 
receives and demodulates the information sent from outside, and a power unit that supplies the driving current. 
It is designed such that the information sent from outside is input into the said control unit. 

The said control unit outputs control signals based on information sent from outside and/or 
electrocardiographic information. . 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 
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The invention described in Claim 5 concerns a cardiac pacing system comprising an ultra miniature 
integrated cardiac pacemaker placed in the atrial myocardium. 

The said ultra miniature integrated cardiac pacemaker is equipped with a control unit that outputs control 
signal, a power unit that supplies the driving power, a heart stimulating means that responds to the said control 
signals and electrically stimulates the atrial myocardium, and an electrocardiographic information detecting 
means that detects the electrocardiographic information including at least intracardiac P wave information. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The said control unit is equipped with a stimulation timing determining means that decides the timing of 
stimulation to generate control signals, and a stimulation timing changing means that changes the timing of 
stimulation to generate control signals. It is characterized by the ability to change the timing of stimulation to 
generate control signal, in case intracardiac P wave information is detected within a preset time interval. 

The invention described in Claim 6 concerns a distributed cardiac pacing system comprising an 
electrocardiographic information detecting device placed in the atrial myocardium and an ultra miniature 
integrated cardiac pacemaker placed in the ventricular myocardium. 

The said electrocardiographic information detecting device is equipped with an electrocardiographic 
information detecting means that detects the electrocardiographic information including at least intracardiac P 
wave information, a transmitting means that modulates the electrocardiographic information detected and sends 
the information to the said ultra miniature integrated cardiac pacemaker, and a power unit that supplies the 
driving current. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The said ultra miniature integrated cardiac pacemaker is equipped with a receiving means that receives 
and demodulates the electrocardiographic information sent from the said electro graphic information detection 
device, a control unit that outputs control signal, a power unit that supplies the driving power, and a heart 
stimulating means that responds to the said control signal and electrically stimulates the ventricular 
myocardium. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The said control unit is equipped with a stimulation timing determining means that decides the timing of 
stimulation to generate control signals, and a stimulation timing changing means that changes the timing of 
stimulation to generate control signals. 

It is characterized by the mechanism to generate control signals when intracardiac QRS complex 
information is not detected within a given time after the detection of intracardiac P wave, and suppress the 
control signals when QRS complex information is detected within a given time after the detection of 
intracardiac P wave information. 

The invention described in Claim 7 concerns a distributed cardiac pacing system comprising a first ultra 
miniature integrated cardiac pacemaker placed in the atrial myocardium and a second ultra miniature integrated 
cardiac pacemaker placed in the ventricular myocardium. 
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The said first ultra miniature integrated cardiac pacemaker is equipped with a control unit that outputs 
control signal, a power unit that supplies the driving power, a heart stimulating means that responds to the said 
control signal and electrically stimulates the atrial myocardium, an electrocardiographic information detecting 
means that detects the electrocardiographic information including at least intracardiac P wave information, a 
transmitting means that modulates the electrocardiographic information and sends the information to the said 
second ultra miniature integrated cardiac pacemaker, and a receiving means that receives and demodulates the 
electrocardiographic information sent from the second ultra miniature integrated cardiac pacemaker. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The electrocardiographic information sent from the said second ultra miniature integrated cardiac 
pacemaker is input into the said control unit; and the said control unit is equipped with a stimulation timing 
determining means that decides the timing of stimulation to generate control signals, and a stimulation timing 
changing means that changes the timing of stimulation to generate control signals. 

The said second ultra miniature integrated cardiac pacemaker is equipped with a control unit that outputs 
control signals, a power unit that supplies the driving power, a heart stimulating means that responds to the said 
control signal and electrically stimulates the ventricular myocardium, an electrocardiographic information 
detecting means that detects the electrocardiographic information including at least intracardiac QRS complex 
information, a transmitting means that modulates the electrocardiographic information and sends the 
information to the said first ultra miniature integrated cardiac pacemaker, and a receiving means that receives 
and demodulates the electrocardiographic information sent by the said first ultra miniature integrated cardiac 
pacemaker. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The electrocardiographic information sent from the said first ultra miniature integrated cardiac pacemaker 
is input into the said control unit; and the said control unit is equipped with a stimulation timing determining 
means that decides the timing of stimulation to generate control signal, and a stimulation timing changing 
means that changes the timing of stimulation to generate control signal. 

The control unit of the said first ultra miniature integrated cardiac pacemaker generates control signal 
when intracardiac P wave information is not detected within a given time interval, and suppresses the 
generation of control signals when intracardiac P wave information is detected within a given time. 

The control unit of the said second ultra miniature integrated cardiac pacemaker generates control signals 
when intracardiac QRS complex information is not detected within a given time after detection of intracardiac P 
wave information, and suppresses the generation of control signals when intracardiac QRS complex 
information is detected within a given time after detection of intracardiac P wave information. 

The system is also characterized by the following mechanism: in case the said second ultra miniature 
integrated cardiac pacemaker detects intracardiac QRS complex information due to spontaneous ventricular 
contraction, the control unit of the said first ultra miniature integrated cardiac pacemaker suppresses the 
detection of intracardiac P wave information for a given time interval. 

The invention described in Claim 8 is a distributed cardiac pacing system comprising an 
electrocardiographic information detection device placed in the atrial myocardium and multiple ultra miniature 
integrated cardiac pacemakers placed in the ventricular myocardium. 

The said electrocardiographic information detection device is equipped with an electrocardiographic 
information detecting means that detects the electrocardiographic information including at least intracardiac P 
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wave information, a transmitting means that modulates the detected electrocardiographic information and sends 
the information to the said ultra miniature integrated cardiac pacemakers, and a power unit that supplies the 
driving power. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The said ultra miniature integrated cardiac pacemakers are equipped with a control unit that outputs 
control signals, a power unit that supplies the driving power, a heart stimulating means that responds to the said 
control signals and electrically stimulates the ventricular muscle, an electrocardiographic information detecting 
means that detects the electrocardiographic information including at least intracardiac QRS complex 
information, a transmitting means that modulates the electrocardiographic information and sends the 
information to other ultra miniature integrated cardiac pacemakers, and a receiving means that receives and 
demodulates the electrocardiographic information sent from other ultra miniature integrated cardiac 
pacemakers. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The electrocardiographic information sent from other ultra miniature integrated cardiac pacemakers is 
input into the said control unit; and the said control unit is equipped with a stimulation timing determining 
means that decides the timing of stimulation to generate control signals, and a stimulation timing changing 
means that changes the timing of stimulation to generate control signals. 

The system is characterized by the following mechanism: in case individual ultra miniature integrated 
cardiac pacemakers do not detect intracardiac QRS complex information within the respective preset times after 
detection of intracardiac P wave information, the control units of the ultra miniature integrated cardiac 
pacemakers generate control signals; whereas in case QRS complex information is detected within given time 
intervals after detection of intracardiac P wave information, the control units generate control signals 
synchronous to the earliest timing at which the intracardiac QRS complex information is first detected. 

The invention described in Claim 9 is a distributed cardiac pacing system comprising a first ultra 
miniature integrated cardiac pacemaker placed in the atrial myocardium and multiple second ultra miniature 
integrated cardiac pacemakers placed in the ventricular myocardium. 

The said first ultra miniature integrated cardiac pacemaker is equipped with a control unit that outputs 
control signals, a power unit that supplies the driving power, a heart stimulating means that responds to the said 
control signals and electrically stimulates the atrial myocardium, an electrocardiographic information detecting 
means that detects the electrocardiographic information including at least intracardiac P wave information, a 
transmitting means that modulates the electrocardiographic information and sends the information to multiple 
second ultra miniature cardiac pacemakers, and a receiving means that receives and demodulates the 
electrocardiographic information sent by said multiple second ultra miniature integrated cardiac pacemakers. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The electrocardiographic information sent from said multiple second ultra miniature integrated cardiac 
pacemakers are input into the said control unit; and the said control unit is equipped with a stimulation timing 
determining means that decides the timing of stimulation to generate control signals, and a stimulation timing 
changing means that changes the timing of stimulation to generate control signals. 
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The said multiple second ultra miniature integrated cardiac pacemakers are equipped with a control unit 
that outputs control signals, a power unit that supplies the driving current, a heart stimulating means that 
responds to the said control signal and electrically stimulates the ventricular myocardium, an 
electrocardiographic information detecting means that detects the electrocardiographic information including at 
least intracardiac QRS complexes, a transmitting means that modulates the electrocardiographic information 
and sends the information to the said first and second ultra miniature cardiac pacemakers, and a receiving 
means that receives and demodulates the electrocardiographic information sent from the said first and second 
ultra miniature integrated cardiac pacemakers. 

The said power unit is a biological fuel cell that extracts electrons from oxidative reactions of biological 
fuels, in which the said biological fuel cell is composed of an anode electrode and a cathode electrode, while 
the said anode electrode is coated with immobilized oxidative enzymes for biological fuels and mediators, and 
is characterized by using blood and/or body fluid as electrolyte solution and utilizing biological fuels and 
oxygen in blood and/or body fluid. 

The electrocardiographic information sent from the said first and second ultra miniature integrated cardiac 
pacemakers is input into the said control unit; and the said control unit is equipped with a stimulation timing 
determining means that decides the timing of stimulation to generate control signals, and a stimulation timing 
changing means that changes the timing of stimulation to generate control signals. 

The control unit of the said first ultra miniature integrated cardiac pacemaker generates control signal in 
case intracardiac P wave information is not detected within a given time interval, and suppresses the generation 
of control signal in case intracardiac P wave information is detected within a given time. 

The control units of the said second ultra miniature integrated cardiac pacemakers generate control 
signals in case intracardiac QRS complex information is not detected by individual ultra miniature integrated 
cardiac pacemakers within the respective preset time intervals after the detection of intracardiac P wave 
information; whereas if intracardiac QRS complex information is detected within given time intervals after the 
detection of intracardiac P wave information, the control units generate control signals synchronous to the 
earliest timing at which intracardiac QRS complex information is detected. 

The system is also characterized by the following mechanism: In case one of the said multiple second 
ultra miniature integrated cardiac pacemakers detects intracardiac QRS complex information due to 
spontaneous ventricular contraction, the control unit of the said first ultra miniature integrated cardiac 
pacemaker suppresses the detection of intracardiac P wave information for a given interval. 

Brief Description of the Drawings 

Figure 1 is the simplified block diagram of an ultra miniature integrated cardiac pacemaker in accordance 

with the first embodiment. 

Figure 2 is the simplified block diagram of an ultra miniature integrated cardiac pacemaker in accordance 
with the first embodiment. , ( 

Figure3_is the simplified block diagram of an ultra miniature integrated cardiac pacemaker in accordance 

with the second embodiment. 

Figure_4_is the simplified block diagram of an ultra miniature integrated cardiac pacemaker in accordance 

with the third embodiment. 

Figure_5js the simplified block diagram of an ultra miniature integrated cardiac pacemaker in accordance 

with the fourth embodiment. . 

Figure 6 is the schematic diagram illustrating the first application of the ultra miniature integrated cardiac 
pacemaker in accordance with the present invention (the first distributed cardiac pacing system). 

Figure-Zis the schematic diagram illustrating the second application of the ultra miniature integrated 
cardiac pacemaker in accordance with the present invention (the second distributed cardiac pacing system). 

Figure-&js the block diagram illustrating the outline of the electrocardiographic information detection 

device. . . . 

Figure9is the schematic diagram illustrating the third application of the ultra miniature integrated cardiac 
pacemaker in accordance with the present invention (the third distributed cardiac pacing system). 

Figur e 1 0 i s the schematic diagram illustrating the fourth application of the ultra miniature integrated 
cardiac pacemaker in accordance with the present invention (the fourth distributed cardiac pacing system). 
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The Preferred Embodiment for Implementation of the Invention . . t , 

Be^w the present invention will be described in detail while referring to the figures. Figure is the 
rimpUfiSjiSm of the ultra miniature integrated cardiac pacemaker (100) in accordance with the first 
embodmieni ; of ^s —r, ^ ^ ^ the f t embodiment of this 

invention Ts composed of a control unit (2) that outputs control signals, a heart stimulating means (3) that 
elnonds to thHonnS signals and electrically stimulates the heart tissue, an electrocardiographic information 
detecttg m ans (5 that detects the electrocardiographic information and outputs to the conttol unit & a 
fransmhtinl means (10) that modulates the control signals output from the control unit (2 and/or 
eScSgTaTc information detected by the electrocardiographic information detecting means (5) and end 
SSSi^Xde. a receiving means (9) that receives and demodulates the information sent from outside, 

and a power unit (4) that supplies the driving current. 

The heart stimulating means (3) responds to the control signal output ^ om .^f^l 
electricallv stimulates the heart tissue. The heart stimulating means (3) as shown in the diagram is able to 
s tala^ L ^ heart tissue and is composed of a stimulating unit (31) that responds to the control signals output 
SC^SSV) and outputs heart stimulating pulses to stimulate the heart tissue, and two heart 
ct ; mil ,„ tin „ piertrodes (32) that stimulate the heart tissue in response to the output pulses, 
shmulah «*££g>~ information detecting means (5) is able ,o detect the decU^^c 
inflation at the site at which the ultra miniature integrated cardiac pacemaker is placed. The detected 

is output to the control unit (2). The electrocar diographic " 
by the electrocardiographic information detecting means (5) includes P wave information QRS complex 
information, T wave information, or Q-T time, A-H time, H-V time (wherein A ,s atnal potential, H is His 

^Z^M^i^rCT^ -ans (5, as shown in the diagram is composed of two 

dSWp,^ 

a-e=u^^^^ 

The Msmitting means (10) is composed of a modulating unit (1 1) that inputs and modulates the contto 

signal" fern L control unit (2) and/or e.eetroeardiographic information, ^ . -Ofl 
that sends the modulated control signals to the outside via earner waves; by which the modulated comrol 
SraretmT the outside (suchTs other ultra miniature integrated cardiac pacemakers, no. shown in the 

^ta'this manner by transmitting control signals and electrocardiographic information via carrier waves to 
outside sh s3 as other cardiac pacemakers, it is possible, for example, to activate two or "tore cardiac 
T^\7^oLy. Moreover, since carrier waves are used for transmission, mere ,s no need for lead 

S^rS:— V) -hat receives information .— from 
,he oJside v" carrier waves/and a demodulating urn. (92) that demodulates the i information receive ^nd ' 
desianed such that the demodulated information is input into the control unit (2) Based on this ■Moimanon 
Sr elccteocrfographic information, control signals are generated in the control nmt (2) and output to the 

heart StS—itted from the outside tncludes electrocardiographic information and control 

from, for instance other cardiac 

pacemakeS il is po'ssible to activate other cardiac pacemakers synchronously. Moreover, since there is no need 
for lead wires this method avoids imposing extra burden on the user . 

IZ^o^omZ^on between pacemakers executed by the transmitting means (10) and receiv ng 
means^Ht is POsriSTto use, for instance, spread spectrum communication using radio wave or ultrasound 
waTid ultra wide band communication. There is no restriction on the mode of communication; any method 
„. h ' u ~ e A a „ i onB as it nrovides reliable communication between pacemakers. 

Th ^w^W dSLed to supply a power source necessary to drive the ultra miniature integrated 
cardial ^ZlT^^t (4), in general, it is possible to use lithium battery or fuel cells. However, in 
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the conventional cardiac pacemakers, the power unit that supplies electrical source is he largest component^ 
ultra-miniaturize the cardiac pacemaker, it is necessary to miniaturize the power unrt. For jhe ultra mnua toe 
integrated cardiac pacemaker (100) according to our invention, it is desirable to use a biological fuel cell as the 
power unit (4) o ^ ^ ^ ^ as which 

necessary to dove the biological fuel cell are available in constant, supply inside the body. The vo ume of the 
powe • uni (4) depends only on the size of the electrodes, making it possible to miniaturize the volume of the 
powe un (4 Moreover, metabolites and intermediate metabolic products of sugars (*g., 
waTer carbon dioxide and gluconolactone, are safe for the human body and they are rapidly removed from the 
Ifnity of the eLtrodes by blood flow. Biological fuel cell that uses enzymes as catalyst can operate under 
mild conditions such as neutral pH and room temperature. m . , ■ i 

Z exZ, e of the biological fuel cell used in this invention is the well-known convention biologica 
fuel celTthatTtracts electronsfrom oxidative reactions of biologica. fuels. In £J 
cell uses sugars such as glucose supplied by the body as well as oxygen also supplied by the body as fuels, and 

^i^^^^SL of the preferable biological fuel cell (40) for this invention will be 
expWd byTefemng to the diagram. Figure 2 is the schematic diagram illustrating the ^f^ s^ro of 
the biological fuel cell (40) as the power unit in the ultra miniature integrated cardiac pacemaker (100) in 

^^^^^^^c^np^ of an anode (41) and a cathode (42). This biological fuel cell 
utilize! blood of body fluid as the electrolyte solution, and also utilizes sugars and oxygen in blood and body 
fluid as biological fuels Therefore, the anode electrode (41a) and cathode electrode (42a) are positioned so as 
fo be m contS with blood or body'fluid. In Figure 2, the anode electrode (41a) *g^*££<^ 
designed to be in contact with blood, and the heart stimulating electrode (32) and electrocardiographic 
information recording electrode (53) are in contact with the myocardial tissue. 

T^nZ m's composed of an anode electrode (41a) and an immobile layer (41b) coating the surface 

of the anode electrode (41a). 

Gold electrode, etc. is used as the anode electrode (41a). . 

Oxidative enzymes of biological fuels and mediators necessary for the oxidation of biological fuels are 
immobilized on the surface of the anode electrode (41a). 

Estate, are used as biological fuels. Examples of carbohydrates are 
glucose and fructose, disaccharides such as mannitol and sucrose, and pentoses such as xylose and arabinose. 
Glucose which can be supplied easily from the body, is preferably used as the tuel. 

For oxidative enzymes of biological fuels, there is no particular restriction as long as they are enzymes 
that oxidize biological fuels. Enzymes called oxidases and hydrogenases are some of the examples. In case ot 
ulg^osl as a S biological fueUglucose oxidase and glucose dehydrogenase can be used, for example, and 

^° S ^^:Z^l^*r restriction as long as they can transfer electrons released from the 
biological fuel to the anode electrode (41a). For example, the so-called coenzymes such as flavin adenine 
dinucLtide phosphate, enzymes such as laccase, quinines such as pyrrolo-quinohne quinine, and osmium 
comnlex as well as their combinations may be used. 

The oxidative enzymes for biological fuels and mediators are immobilized on the surface of the anode 
electrode ^la)t 7orm Timmobile layer (41b). There is no restriction on the ^*™«*f^£ 
any method well known to immobilize enzymes onto an electrode surface can be used For 
electrode can be used as the substrate, and aminoethane-thiol is adsorbed on the surface of the gold electrode to 
form a monomolecular film followed by modification of the amino ^'^^^^^ £ 
oxidative enzvme for biological fuel, mediator and albumin in a beaker. Then add glutaraldehyde to allow the 
SSSw and mediators to cross-link with glutaraldehyde and then apply the mixture to the 

SUrfe t— "takes place efficiently at the anode, the immobile layer (41b) should preferably 
be designed such as the anode electrode (41a) does not come into contact with oxygen present in the body. 

The cathode (42) is composed of a cathode electrode (42a). M „ tinn 
An example of the cathode electrode (42a) is platinum electrode. A catalyst to enhance reduction reaction 
of oxygen is required on the cathode electrode (42a), and platinum itself can function as a catalyst. 



8 



PCT/JP03/09886 

To ensure that the reaction takes place efficiently at the cathode, it is desirable to form a coating (42b) on 
the surface of the cathode electrode, which will prevent permeation of substances other than oxygen that react 
with the cathode electrode (42a), and at the same time allow permeation of oxygen and hydrogen ions. 

The biological fuel cell (40) does not have a container filled with electrolyte solution, instead the cathode 
electrode (41a) and anode electrode (42a) are in contact with the blood or body fluid of the body. In this case, 
blood and body fluid act as the electrolyte solution. In the electrolyte solution, biological fuel and oxygen are 
constantly supplied by the blood flow, and at the same time metabolic products are dissolved in blood and 
removed by the blood flow. The supply of biological fuel and oxygen as well as the removal of metabolic 
products are maintained constant through the mechanism of homeostasis. 

Next, the action of the biological fuel cell (40) will be discussed. 

Biological fuel is dissolved in blood and body fluid and supplied to the anode (41) surface. The biological 
fuel supplied to the anode (41) surface is oxidized by the action of the biological fuel oxidative enzyme 
immobilized in the immobile layer (41b), producing carbon dioxide, hydrogen ion and intermediate 
metabolites, as well as electrons. Carbon dioxide, hydrogen ion and intermediate metabolites are dissolved in 
blood or body fluid to be excreted. Electrons are transferred to the anode electrode (41a) via mediators. 

The cathode (42) surface is supplied with oxygen and hydrogen ions dissolved in blood and body fluid, 
and these ions react in the presence of electrons transmitted from the anode electrode (41a) to the cathode 
electrode (42a), and form water. This reaction generates electric current which is used as the driving power 

Based on the program already saved in the memory (7) as well as on electrocardiographic information 
output from the electrocardiographic information detecting means (5) and information transmitted from the 
exterior, the control unit (2) generates control signals and outputs the signals into the heart stimulating means 
(3). 

For instance, the control unit (2) is equipped with a stimulation timing determining means that decides the 
timing of stimulation to generate control signals, and a stimulation timing changing means that changes the 
timing of stimulation to generate control signals. Usually this unit is programmed to generate control signals at 
stimulation timing at a predetermined frequency. It is also programmed to change the stimulation timing when 
certain conditions are fulfilled; for instance, in case intracardiac P wave information is detected within a given 
time interval. 

Furthermore, this invention can be equipped with communication means (6). The communication means 
(6) communicates with an external programmer (8) installed external to the ultra miniature integrated cardiac 
pacemaker, and is used to change the pacing program saved in the memory (7). By this means, even after 
implantation of the ultra miniature integrated cardiac pacemaker in the patient, it is possible to use the external 
programmer (8) to change the pacing program saved in the memory (7) as appropriate to the patient. 

For communication between the external programmer (8) and communication means (6) when a patient is 
implanted with multiple ultra miniature integrated cardiac pacemakers, by setting different frequencies for the 
individual ultra miniature integrated cardiac pacemakers, for example, it is possible to change the pacing 
program for each ultra miniature integrated cardiac pacemaker. Also by conducting spread spectrum 
communication or by giving each pacemaker an ID, it is possible to change the pacing program of each ultra 
miniature integrated cardiac pacemaker. 

Next, the ultra miniature integrated cardiac pacemaker in accordance with the second embodiment (110) 
of this invention will be explained. The difference between the ultra miniature integrated cardiac pacemaker in 
accordance with the second embodiment (110) of this invention and the aforementioned ultra miniature 
integrated cardiac pacemaker in accordance with the first embodiment (100) is that the former has no 
transmitting means (10) or receiving means (9). 

The ultra miniature integrated cardiac pacemaker in accordance with the second embodiment (110) can be 
used in cases where there is no need to synchronize movements with other cardiac pacemakers. 

Based on the control program already saved in the memory (7) and on electrocardiographic information 
output from the electrocardiographic information detecting means (5), the control unit (2) generates control 
signals and outputs the signals to the heart stimulating means (3). 

The other components are the same as those in the aforementioned ultra miniature integrated cardiac 
pacemaker in accordance with the first embodiment (100), therefore explanations are omitted. In Figure 3, the 
same numbers are assigned to components identical to those in the ultra miniature integrated cardiac pacemaker 
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in accordance with the first embodiment (100) as shown in Figure 1. 

Next the ultra miniature integrated cardiac pacemaker in accordance with the third embodi ment ^(120) of 
this invention will ^explained Figure 4 is a simplified block diagram of ultra miniature integrated cardiac 
SL^ta^LSSaZ^S the 3 third embodiment (120). The difference between the ultra miniature 
inTe^ated cTrdL^ pacemaker in accordance with the third embodiment (120) of this invention and the 
S^nTLl r,^ integrated cardiac pacemaker in accordance with the first embodiment is that 

^^^SSZ^to the extenor (such as ^^^^ ^ 

ultra immature integrated cardiac pacemaker in accordance with the third embodiment (120) is able to 

svnchronize and operate with, for instance, one or more other cardiac pacemakers. 

^ Ch Based on th'e control program already saved in the memory (7) and el— M^j^ 
output from the electrocardiographic information detecting means (5), the control unit (2) generates control 
signals and outputs the signals to the heart stimulating means (3). ^ rA ;*r 
S1 ^ The other components are the same as those in the aforementioned ultra miniature ^ 
nacemaker in accordance with the first embodiment, therefore explanations are omitted^ In Figure 4, the same 
^mto are assigned to components identical to those in the ultra miniature integrated cardiac pacemaker m 
accordance with the first and second embodiment shown in Figures 1 and 3. 

Next the ultra miniature integrated cardiac pacemaker in accordance with the fourth embodiment (130) of 
this invention wm b^pLed The difference between the ultra miniature integrated cardiac pacemaker in 
I^^^^^Taiba^ (130) of this invention and the aforementioned ultra miniature 
Sated cX pacemaker in accordance with the first embodiment is that the former has no transmitting 
means HO) to send control signals and/or electrocardiographic information to the exterior. 

TtouSiTe icceivingSeans (9) that receives information from the exterior for example other cardiac 
pacemakers the ultra miniature integrated cardiac pacemaker in accordance with the fourth embodiment (120) 

^e^ ^ - - electrocardiograph, 

infomfatiot Z^U from "the eLtfocardiograpL information detecting mea ns ^5) and mfr— transmitted 
from the exterior, the control unit (2) generates control signals and outputs the signals to the heart stimulating 

1116311 The other components are the same as those in the aforementioned ultra ^f^^f^^ 
pacemaker in accordance with the first embodiment, therefore explanations are omitted. In Figure 5, Jhe same 
TumTers are assigned to components identical to those in the ultra miniature integrated cardiac pacemakers in 
accordance with the first to third embodiment shown in Figures 1, 3 and 4. 

In the aforementioned ultra miniature integrated cardiac pacemakers in accordance with the first to fourth 
embotent Ae^ectrocardiographic information recording electrodes (53) and heart stimulating electrode 
S ar'hown as separate components. In reality, the electrocardiographic information recording electrode (53) 

^o" CIO - shown as separate components; 

oumutthfs mTSogLl information obtained from these sensors to the control unit (2) of the aforementioned 
uSa 32£ K£d cardiac pacemakers in accordance with the first to fourth embodiment, the control 
unit (2) is able to generate control signals based on the biological data. 

In addition, for the ultra miniature integrated cardiac pacemakers in accordance ^^Jnrto^tort 
to fourth embodiment in this invention, there is no particular restriction on the me*od of imp antin ^tiie 
nacemaker in the heart and conventional methods for catheterization may be adopted For ^stance 
implanttion ^may be done by attaching the ultra miniature integrated cardiac pacemaker in accordance with this 
indention to The tip of a catheter and inserting to the predetermined position inside the heart, and then 
w~ing only the catheter after fixing the pacemaker in the endocardium. In jntagntod 
cardiac pacemakers in accordance with the invention, the generator mam body and the electrodes are integrated 
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a wide incision in the chest wall to implant the generator main body. 

Next the cardiac pacing system according to this invention using the aforementioned mimature 
integrated cardiac pacemaker! in accordance with the first to fourth embodiment of this invention will be 

deSC ^reT^^c Sm illustrating the outline of the cardiac pacing system in accordance , with 
the firs e^bod mTnt of this invention. One ultra miniature integrated cardiac pacemaker according to this 
Invention Oil] , "implanted into the atrial endocardium of the patient. In Figure 6 as well as in Figures 7 to 10 

to ^^^X^^^ ^ the — nt has a preferred indic ?r f r Ti 

where* ^IhS the ability to keep pace although the electrical activity in the 

activity in the ventricle remain synchronized. For example, it may be iodic ated for patients with ^ s mu s 
syndrome in whom only sinus node function is impaired while intra-atnal conduction and atrioventricular 
conduction ^ = preserved ^ ^ ^ to this invention (111) implanted in the 

atriumTs equipped wiui a c^onSol unit that outputs control signals, a heart stimulating means that responds to 
^ntrol TSs and electrically stimulates the atrial muscle, and an electrocardiographic infonnation 
L^^ftTdeLts the electrocardiographic information including at least intracardiac P wave 
Station T s designed such that the detected electrocardiographic information is output into the control 
unhTXr words atoough the aforementioned ultra miniature integrated cardiac pacemaker m accordance 
^^ZZt^Jnt of this invention is preferably used, the ultra miniatur e»^«^ 
pacemaker in accordance with the first, third and fourth embodiments can also be used as long as they possess 

^^Zo^^lt^ control unit is equipped with a stimulation timing determining means that 
decided the timing o" stimulation to generate control signals, and a stimulation timing changing means that 

^^^^r^Sr^^^ m accordance with the first embodiment of tins 
invemSn w^fexplained below. By the stimulation timing determining means, control signa s are generated 
aTordmgTo a predetermined stimulation timing and the atrial endocardium is stimulated ele ct ncally This 
resuSexci ation and contraction of the atrial myocardium, while at the same time this stimulus s conducted 
o Si SiSSS^ through intra-atrial conduction pathway. Then, from the atnoventncular node, he 
stillufrc^ted to His bundle, left and right bundle branch, Purkinje fiber and finally exciting the 

electi^iogr»^o?Lion detecting means detects spontaneous intracardiac P wave information within a 
i v r P redeSnTd time from the prior heart beat, this spontaneous intracardiac P wave i nformation r s output 
fnto the control unit meanwhile the timing of stimulation to generate control signals is changed by the 

-ans of the control unit, and atrial pacing is '^f^ZZ~r 
intracardiac P wave information is not detected within a given time interval after the detection or prior 
IntiacSdlac P wave information, the atrial myocardium will be stimulated electrically according to the 

invent^n^emrictar endocardium of the patient it is possible to stimulate the — — 
Bv anolvins this pacemaker to patients who have normal sinus node function and only impaired atnoventric^uiar 
c^ y nd P u P ction 8 iHs possible to maintain the clinically required minimal number of ventricular contraction although 
there is no synchrony between the atrium and ventricle. 

Next the distributed cardiac pacing system according to the second embodiment of this invention will be 
explained ^f^^^^ the outline of the distributed cardiac pacing system according 
to the l^ond embodnnent of this invention. The schematic diagram shows one electrocardiograpluc 
£fi£L£Stoe^ device (200) in the atrial endocardium and one ultra miniature integrated cardiac 
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pacemaker in accordance with this invention (131) in the ventricular endocardium^! gure 8 is a block diagram 
illustrating the outline of the electrocardiographic information detecting device (200). 

The distributed cardiac pacing system in accordance with the second embodiment is indicated for patients 
who have normal sinus node function and whose atrioventricular conduction is only impaired. In details the 
electrocardiographic information detecting device (200) placed in the atnal endocardium detects 
electrocardiographic information including at least spontaneous intracardiac P wave information. The de tec ed 
electrocardiographic information including spontaneous intracardiac P wave information is transmitted to the 
ultra miniature integrated cardiac pacemaker according to this invention (131) placed in the ventricular 
endocardium. Upon receiving the electrocardiographic information of the spontaneous intracardiac P wave 
information from the electrocardiographic information detecting device (200) and after a given lag 
(atrioventricular delay equivalent to the PQ interval in electrocardiogram), the ultra miniature mtegrated i cardiac 
pacemaker according to this invention (131) conducts ventricular pacing by electrically stimulating the 
ventricular myocardium by the heart stimulating means. 

Even in patients with impaired atrioventricular conduction, spontaneous ventricular contraction may 
occur In these patients, if ventricular contraction occurs (in case of detection of spontaneous intracardiac QRS 
complex information) within a given time (atrioventricular delay) after the detection of spontaneous 
intracardiac P wave information, the stimulation timing is changed and ventricular pacing is not conducted. 

Figure 8 is a block diagram illustrating the outline of the electrocardiographic information detection 
device (200) placed in the atrial endocardium. The electrocardiographic information detection device (200) is 
composed of an electrocardiographic information detecting means (5) that detects the electrocardiographic 
information including at least intracardiac P wave information and outputs the electrocardiographic data, a 
transmitting means that sends electrocardiographic information (10), and a control unit (2). 

In tne electrocardiographic information detection device (200) as shown m the diagram, the 
electrocardiographic information detecting means (5) is composed of two electrocardiographic information 
recording electrodes (53) that detect electrocardiographic information, an amplifying unit (51) that amplifies the 
electrocardiographic information (51), and a AID conversion unit (52) that converts the electrocardiographic 

information into digital information. . 

Moreover, in the electrocardiographic information detection device (200) as shown in the diagram, he 
transmitting means (10) is composed of a modulating unit (11) that inputs and modules he 
electrocardiographic information output from the control unit (2), and a transmitting unit (12) that sends the 
modulated electrocardiographic information by specified carrier wave. The modulated f lect ^ card ^P^ 
information is sent to the ultra miniature integrated cardiac pacemaker (121) placed in the ventricular 

endocardrum.^ integrated cardiac pacemaker in accordance with this invention (131) placed in the 

ventricle is composed of a control unit that outputs control signals, a heart stimulating means that responds to 
the control signal and electrically stimulates the ventricular myocardium, an electrocardiographic ^formation 
detecting means that detects the electrocardiographic information including at least intracardiac QRS 
complexes, and a receiving means that receives and demodulates the electrocardiographic information sen 
from the electrocardiographic information detection device (200) placed in the atrium. It is designed such that 
the electrocardiographic information detected by the electrocardiographic detecting means and the 
electrocardiographic information sent from elsewhere is input into the control unit. Therefore in he distributed 
cardiac pacing system in accordance with the second embodiment, the aforementioned ultra miniature 
integrated cardiac pacemakers in accordance with the fourth embodiment is preferably used as the ultra 
miniature integrated cardiac pacemakers placed in the ventricular endocardium, but the ultra miniature 
integrated cardiac pacemakers in accordance with the first embodiment can also be used without problem. 

Furthermore, the aforementioned control unit is equipped with a stimulation timing determining means 
that decides the timing of stimulation to generate control signals, and a stimulation timing changing means that 
changes the timing of stimulation to generate control signals. 

One example of operation of the distributed cardiac pacing system in accordance with the second 
embodiment of this invention will be explained below. Usually, the ventricle is paced by the generation of 
control signals at a stimulation timing determined by the stimulation timing determining device [pacing after a 
given time interval (atrioventricular delay) from the detection of intracardiac P wave information] . 
° In case spontaneous intracardiac QRS complex information is detected within a given time interval 
(atrioventricular delay) after the detection of intracardiac P wave information, the timing of stimulation to 
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generate control signals is changed by the stimulation timing changing means, and control signals are not 

gener The ultra miniature integrated cardiac pacemaker (131) is preferably designed such that the ventricle is 
paced at regular intervals in case no intracardiac P wave information is sent from the electrocardiograph c 
information detection device (200) within a given time interval after intracardiac QRS complex ^formation is 
detected (due to spontaneous ventricular contraction or due to stimulation by cardiac pacemaker). This design 
will assure safety in case sinus arrest or sinoatrial block occurs. 

Next, the distributed cardiac pacing system in accordance with the third embodiment of this invention 
will be explained while referring to the diagram. Figure 9 is a schematic diagram illustrating the outline of the 
distributed cardiac pacing system according to the third embodiment of this invention The schematic diagram 
shows a first ultra miniature integrated cardiac pacemaker (101) placed in the atrial endocardium and a second 
ultra miniature integrated cardiac pacemaker (102) placed in the ventricular endocardium 

The distributed cardiac pacing system in accordance with the third embodiment may be indicated tor 
patients with malfunction of the sinus node together with impaired atrioventricular conduction In other -words 
this pacemaker is indicated for patients with sick sinus syndrome with manifestations of both arrest of smus 
function and atrioventricular block. ... 

One example of operation of the distributed cardiac pacing system in accordance with the third 
embodiment of this invention will be explained. The first ultra miniature integrated cardiac pacemaker (101) 
placed in the atrial endocardium outputs control signals and paces the atrium by the heart stimulating means^ 
This control signal (and/or electrocardiographic information of atrium) is modulated into carrier wave and 
transmitted to The second ultra miniature integrated cardiac pacemaker (102) placed "^v*^ 
endocardium. Upon receiving the control signals (and/or electrocardiographic information of the atrium) from 
the first ultra miniature integrated cardiac pacemaker (101), the second ultra mature integrated cardiac 
pacemaker (102) outputs control signals with a given delay (atrioventricular delay equivalent to the P Q in erval 
on electrocardiogram) after the atrial pacing by the first ultra miniature integrated cardiac pacemaker (102), and 
electrically stimulates the ventricular myocardium to conduct ventricular pacing. Furthermore this control 
signal (and/or electrocardiographic information of the ventricle) is modulated into earner wave and transmitted 
to the first ultra miniature integrated cardiac pacemaker (101). The first ultra miniature integrated cardiac 
pacemaker (101) suppresses detection of intracardiac P wave for a given time interval after receiving control 
signal (and/or electrocardiographic information of the ventricle) from the second ultra mini ature int egra ed 
cardiac pacemaker (102). Thereafter, the first ultra miniature integrated cardiac pacemaker (131) outputs 
control signals at a stimulation timing according to a predetermined rate, and stimulates the atrium 

By repeating the above, it is possible to pace the heart mimicking the natural physiological state. 

Even patients with sick sinus syndrome with manifestations of both arrest of smus function and 
atrioventricular block may generate spontaneous ventricular contraction or atrial contraction, fr J this case, that 
is, if spontaneous intracardiac P wave information is detected within a given time from the prior heart beat, then 
the atrial pacing is suppressed. Moreover, in case spontaneous intracardiac QRS complex information is 
detected within a given time interval (atrioventricular delay) after the detection of intracardiac P wave 
information (spontaneous or due to the first ultra miniature integrated cardiac pacemaker), then ventricular 

PaCm VhVfirst r ultra d miniature integrated cardiac pacemaker (101) placed in the atrial endocardium is equipped 
with a control unit that outputs control signals, a heart stimulating means that responds to the control signal and 
electrically stimulates the atrial myocardium, an electrocardiographic information detecting means that detects 
the electrocardiographic information including at least intracardiac P wave information, a transmitting means 
that modulates the control signal or electrocardiographic information and sends the information to the second 
ultra miniature integrated cardiac pacemaker (102) placed in the ventricle, and a receiving means that receives 
and demodulates the control signal or electrocardiographic information sent from the second ultra miniature 
integrated cardiac pacemaker (102) placed in the ventricle. The pacemaker is designed such as the control 
signal and electrocardiographic information sent from the second ultra miniature integrated cardiac pacemaker 
(102) are input into the control unit. Therefore, in the distributed cardiac pacing system in accordance with the 
third embodiment (101), the abovementioned ultra miniature integrated cardiac pacemaker in accordance with 
the first embodiment is preferably used as the first ultra miniature integrated cardiac pacemaker (101). 

The second ultra miniature integrated cardiac pacemaker (102) is equipped with a control unit that outputs 
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control signals, a heart stimulating means that responds to the control signal and electncally stimulates he 
ventricular myocardium, an electrocardiographic information detecting means that detects the 
rctroctdiogrJphic information including at least intracardiac QRS complex information a ^i«mg 
means that modulates the control signal or electrocardiographic information and sends the information to the 
first ultra Miniature integrated cardiac pacemaker (101), and a receiving means that receives and demodulates 
he control signal or eSctrocardiographic information sent by the first ultra miniature integrate I cardiac 
pacemaker (101) placed in the atrium. The pacemaker is designed such as the control signa and 
electrocardiographic information sent from the first ultra miniature integrated cardiac ■ ^cemaker (101) are 
input into the control unit. Therefore, in the distributed cardiac pacing system in accordance with , the ^ third 
embodiment, the abovementioned ultra miniature integrated cardiac pacemaker in accordance with the first 
embodiment is preferably used as the second ultra miniature integrated cardiac pacemaker (102). . 

In the first ultra miniature integrated cardiac pacemaker (101), the control unit is equipped with a 
stimulation timing determining means that decides the timing of stimulation to generate control signals, and a 
stimulation timing changing means that changes the timing of stimulation to generate control ^signals 

Usually, the stimulation timing determining means decides the timing of stimulation of control signal 
generation, and then generates control signals to conduct atrial pacing. 

One example of operation of the first ultra miniature integrated cardiac pacemaker (101) will be 
explained. In case the electrocardiographic information detecting means detects spontaneous "tracankK P 
wave within a given time from the prior heart beat, the timing of stimulation to generate control signals is 
cZged control signal is not generated and atrial pacing is not conducted. In case the electrocardiographic 
uifoSion detecting means does not detect spontaneous intracardiac P wave information within a given time 
interval from the last heart beat, then control signal is generated and atrial pacing is conducted. 

Moreover, in the control unit, if control signal is generated or spontaneous intracardiac P wave 
information is detected, the information is sent from the transmitting unit to the second ultra miniature 

^K^^^P 8 ^^^ integra ted cardiac pacemaker (102), the control unit is equipped with a 
stimulation timing determining means that decides the timing of stimulation to generate control signals, and a 
stimulation timing changing means that changes the timing of stimulation to generate control signals. 

One example of operation of the second ultra miniature integrated cardiac pacemaker (102) will be 
explained. Usually, control signal is generated at a timing predetermined by the timing determining means 
[conu-ol signal is generated at a given time interval (atrioventricular delay) after contro signal or intracardiac P 
wave information is sent from the first ultra miniature integrated cardiac pacemaker (101)J. . 

In case spontaneous intracardiac QRS complex information is detected within a ^ ti^ 
(atrioventricular delay), the timing of stimulation to generate control signal is changed by the stimulation timing 
changing means and atrial pacing is not conducted. 

Moreover, in the control unit, in case control signal is generated or spontaneous intracardiac P wave 
information is detected, the information is sent from the transmitting unit to the first ultra miniature integrated 
caSc pacemaker (loi). The first ultra miniature integrated cardiac pacemaker (101) suppresses he detection 
of intracardiac P wave information for a given time interval after receiving the control signal (or 
electrocardiographic information of the ventricle) from the second ultra miniature integrated cardiac Pacemaker 
(102) This design is essential to prevent the complication of so called pacemaker tachycardia caused by he 
following mechanism: when intracardiac QRS complex due to spontaneous ventricular contraction " conducted 
retrograde to the atrium, the aforementioned first ultra miniature integrated cardiac pacemaker detects 
intracardiac P wave information, based on which the second ultra miniature integrated cardiac pacemaker 
electrically stimulates the ventricle, resulting in repeated electrical stimulation of the ventricle. 

Next, the distributed cardiac pacing system in accordance with the fourth embodiment o^f this invention 
will be explained while referring to the diagram. Figure 10 is a schematic diagram illustrating the outline of the 
distributed cardiac pacing system according to the fourth embodiment of this invention. The schematic diagram 
shows an electrocardiographic information detecting device (200) placed in the atrial endocardium and muUml 
(for example, a total of 4 in Figure 10) ultra miniature integrated cardiac pacemakers (102) placed in the 
ventricular endocardium. , * j* 

The distributed cardiac pacing system in accordance with the fourth embodiment may be indicated for 
patients with impaired synchrony of ventricular myocardial contraction leading to lowered ventricular 
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contractility, or patients at risk of fatal arrhythmia. 

One example of operation of the distributed cardiac pacing system in accordance with the tourth 
embodiment of this invention will be explained. The electrocardiographic information detecting device (200) 
placed in the atrial endocardium detects electrocardiographic information including at least intracardiac P wave 
information The detected electrocardiographic information is sent to multiple ultra miniature integrated cardiac 
pacemakers (102) placed in the ventricular endocardium. Once electrocardiographic information is sent from 
the electrocardiographic information detecting device (200), the multiple ultra miniature integrated cardiac 
pacemakers (102) generate control signals to stimulate the ventricular myocardium and pace the ventricle with 
a delay after atrial contraction in time lags that vary depending on the individual ultra miniature integrated 
cardiac pacemakers (102). In other words, once electrocardiographic information is sent from the 
electrocardiographic information detecting device (200), the multiple ultra miniature integrated cardiac 
pacemakers (102) pace the ventricle after predetermined times depending on the ventncular sites at which the 
individual ultra miniature integrated cardiac pacemakers (1 02) are placed. 

In case spontaneous ventricular contraction occurs, that is, in case spontaneous intracardiac QRS complex 
information is detected within a given time interval (atrioventricular delay) after the detection of intracardiac P 
wave information, ventricular pacing is suppressed. However, even though spontaneous intracardiac QRS 
complex information is detected, if the spontaneous beat is not detected within given time intervals at other 
multiple ultra miniature integrated cardiac pacemakers (102) placed in the ventricular endocardium the 
ventricular pacing at these sites will not be suppressed. In order to realize this, spontaneous intracardiac QRS 
complex information recorded by a pacemaker (102) at any site of the ventricle is transmitted to other 
ventricular pacemakers (102). Each ventricular pacemaker (102) mutually receives the signals sent from other 
ventricular pacemakers (102). 

The ultra miniature integrated cardiac pacemaker (102) placed in the ventncular endocardium is equipped 
with a control unit that outputs control signals, a heart stimulating means that responds to control signal and 
electrically stimulates the ventricular myocardium, an electrocardiographic information detecting means that 
detects the electrocardiographic information including at least intracardiac QRS complex information a 
transmitting means that modulates the control signal or electrocardiographic information and sends the 
information to other ultra miniature cardiac pacemakers placed in the ventricle, and a receiving means that 
receives and demodulates control signal or electrocardiographic information sent by the electrocardiographic 
information detecting device (200) placed in the atrium and other ultra miniature integrated cardiac pacemakers 
placed in the ventricle. Therefore, in the distributed cardiac pacing system in accordance with the fourth 
embodiment, the aforementioned ultra miniature integrated cardiac pacemakers in accordance with the first 
embodiment (100) is preferably used as the ultra miniature integrated cardiac pacemakers (102). 

In addition, the sites to place the ultra miniature integrated cardiac pacemakers and the number of the 
pacemakers will be set appropriately in accordance with the symptoms of the patient. 

In the ultra miniature integrated cardiac pacemakers (102), the control unit of each ultra miniature 
integrated cardiac pacemaker is equipped with a stimulation timing determining means that decides the timing 
of stimulation to generate control signals, and a stimulation timing changing means that changes the timing of 
stimulation to generate control signal. 

One example of operation of the ultra miniature integrated cardiac pacemaker will be explained. By the 
stimulation timing determining means, control signal is generated at a predetermined stimulation timing 
[generates control signal at a given time interval (atrioventricular delay) after spontaneous intracardiac P wave 
information is transmitted from the electrocardiographic information detecting device (200)], and ventricular 

pacing is conducted. tu 

The stimulation timing is different for each of the ultra miniature integrated cardiac pacemakers; in other 
words it is different depending on the placement site in the ventricular endocardium. For example, each ultra 
miniature integrated cardiac pacemaker (102) is stimulated with a time lag depending on when the site is 
stimulated in normal ventricular beat. But, the above-mentioned combination is not restricted as long as it is a 
combination that maximally improves the contractility of the heart. 

This kind of synchronized cardiac contraction also reduces the electrical instability of the ventricle, and is 
used to prevent arrhythmia in patients with a risk of fatal arrhythmia, and also to prevent pacemaker-induced 

arrhythmia. , 

The intracardiac QRS complex information detected by the ultra miniature integrated cardiac pacemaker 
(102) is transmitted to other ultra miniature integrated cardiac pacemakers via the transmitting means. In the 
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case that a certain ventricular pacemaker detects spontaneous intracardiac QRS complex within the 
predetermined time but this spontaneous beat is not detected at other ventricular pacemakers within given 
times, the above-mentioned design ensures that ventricular pacing takes place also in these sites. 

In the aforementioned distributed cardiac pacing system in accordance with the fourth embodiment, it is 
possible to place an ultra miniature integrated cardiac pacemaker (101), instead of the electrocardiographic 
information detecting device (200), in the atrial endocardium just like the above-mentioned distributed cardiac 
pacing system in accordance with the third embodiment. As described in the distributed cardiac pacing system 
in accordance with the third embodiment, the ultra miniature integrated cardiac pacemaker placed in the atrial 
endocardium is equipped with a stimulation timing determining means and stimulation timing changing means, 
and therefore may be used in patients with lowered ventricular contractility accompanying sinus arrest and 
atrioventricular block, as well as in patients with a risk of fatal arrhythmia accompanying sinus arrest and 
atrioventricular block. 

In the distributed cardiac pacing system in accordance with this revised embodiment, for the design of the 
ultra miniature integrated cardiac pacemaker placed in the atrial endocardium, one may adopt the design of the 
ultra miniature integrated cardiac pacemaker (101) placed in the atrial endocardium in the above-mentioned 
distributed cardiac pacing system in accordance with the third embodiment. Furthermore, in the distributed 
cardiac pacing system in accordance with this revised embodiment, for the design of the ultra miniature 
integrated cardiac pacemaker placed in the ventricular endocardium, one may adopt the design of the ultra 
miniature integrated cardiac pacemaker (102) placed in the ventricular endocardium in the above-mentioned 
separated cardiac pacing system in accordance with the fourth embodiment. 

As described in detail above, the ultra miniature integrated cardiac pacemaker described in Claim 4 is 
able to transmit control signal or electrocardiographic information to other ultra miniature integrated cardiac 
pacemakers and at the same time to receive control signal or electrocardiographic information from other ultra 
miniature integrated cardiac pacemakers; thus it is able to pace the heart in synchrony with other ultra miniature 
integrated cardiac pacemakers. 

The ultra miniature integrated cardiac pacemaker described in Claim 1 does not require lead wires to 
connect the pacemaker main body with the stimulation electrodes; thus it is able to pace the heart without 
imposing extra burden on the patient. 

The ultra miniature integrated cardiac pacemaker described in Claim 2 is able to transmit control signal or 
electrocardiographic information to other ultra miniature integrated cardiac pacemakers; thus it is able to pace 
the heart in synchrony with other ultra miniature integrated cardiac pacemakers. 

The ultra miniature integrated cardiac pacemaker described in Claim 3 is able to receive control signal or 
electrocardiographic information from other ultra miniature integrated cardiac pacemakers; thus it is able to 
pace the heart in synchrony with other ultra miniature integrated cardiac pacemakers. 

The distributed cardiac pacemaker system described in Claim 5 can be used for pacing in patients whose 
atrium has lost the ability to keep pace although the electrical activity in the atrium and the electrical activity in 
the ventricle remain synchronized. 

The distributed cardiac pacemaker system described in Claim 6 can be used in patients with normal sinus 
node function but in whom atrioventricular conduction is only impaired. 

The distributed cardiac pacemaker system described in Claim 7 can be used in patients whose sinus node 
is not functioning normally and atrioventricular conduction is also impaired. 

The distributed cardiac pacemaker system described in Claim 8 can be used in patients who has lost 
synchrony of contraction among various parts of the ventricle together with lowered ventricular contractility, or 
patients with arrhythmia. 

The distributed cardiac pacemaker system described in Claim 9 can be used in patients with lowered 
ventricular contractility accompanying sinus arrest and atrioventricular block, as well as patients with a risk of 
fatal arrhythmia accompanying sinus arrest and atrioventricular block. 

Potential of Industrial Use 

It is possible to provide an ultra miniature integrated cardiac pacemaker and distributed cardiac pacing 
system which allow pacing of the heart without the need for the conventional lead wires that connect the 
electrodes with the pacemaker main body, and allow implantation in the heart by catheter manipulation only 



16 



